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(OP00083) 

SPECIFICATION 
AN ACOUSTIC CONTACT DETECTING DEVICE 

FIELD OF THE TECHNOLOGY 

The present invention relates to an acoustic contact detecting device or a 
coordinate input device of touch-type, such as a touch panel of an ultrasonic 
method, for acoustically detecting a contact point and also to a substrate for the 
same device. 



DESCRIPTION OF THE PRIOR ART 

A touch panel has been used broadly as an input device for an interactive 
computer system in various appHcations including a kiosk information terminal or 
an order input system at a restaurant. A known typical touch panel includes a 
15 touch panel of a resistive £Qm method, a touch panel of an electrostatic capacity 
method and a touch panel of an acoustic method. The touch panel of the acoustic 
method, especially an ultrasonic touch panel, is distinctively advantageous if a 
highly robust contact sensing face and/or an improved transmittance of a display 
image is required. 

20 A variety of transducers (especially, wec^e transducers) have been used to 

connect or couple a piezoelectric vibrator with a touch substrate in the touch panel 
of the acoustic method. Herein, the transducer is meant to be one or a series of 
physical elements for converting energy from one form to another, including 
interconversions between acoustic wave modes and between electric energy and 

25 acoustic energy. A typical transducer of piezoelectric method is made of 
piezoelectric vibrator in the shape of prism having a conductive material on a top 
surface thereof and coupled acoustically with a top svirface of a substrate via a 
metal electrode having a contact with an element on the top surface of the 
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substrate (e.g., a wedge material) and/or by way of a specific arrangement of the 
sxirface of the piezoelectric element onto the top surface of the substrate. Further, 
a cable wired aroxmd a panel is used to supply an electric signal to the piezoelectric 
vibrator and to receive the signal oscillated by the piezoelectric vibrator. 
5 Said wec^e transducer takes advantage of such a phenomenon that an 

acoustic wave is refiracted when the acoustic wave enters diagonally to the 
interface between different media and thereby the wedge transducer may cause an 
excitation of a surface wave or a plate wave in the substrate. A typical wedge 
transducer comprises a piezoelectric vibrator adhered to one of side faces and a 
10 plastic wedge with its obUque side bonded to a substrate (e.g., a glass substrate), in 
which the piezoelectric vibrator is coupled with a bulk wave via the wedge 
material. The bulk wave is refiracted at a critical angle, namely "a wedge angle", 
and propagated along the surface of the glass and the surface wave is refracted at 
said critical angle and propagated as a bulk wave. Thus, the wedge transducer 
15 may be used both for transmitting and receiving of the surface waves including a 
Rayleigh wave and a Love wave and also the plate waves including a Lamb wave. 

In contrast, a direct coupling of the piezoelectric vibrator or an edge 
transducer generally causes directly an excitation of an acoustic wave having high 
energy in the top surface of the substrate. The edge transducer has been used in 
20 the most ordinary course for the coupling with the plate wave. Some 
considerations have been directed to develop an edge transducer for coupling with 
the Rayleigh wave. Although such an edge transducer is small in size, the 
exposed piezoelectric transducer remains unguarded. 

On the top surface of the touch panel, the wedge-type transducer should be 
25 inevitably disposed in a higher level than the top surface of the panel. Besides, 
when a display is formed by a curved face panel such as an ordinary cathode-ray 
tube, a space available for accommodating the wedge transducer resides between 
the cxurved face panel and an outer frame covering the periphery of this curved 



face panel. However, when the display is formed by a flat panel such as a hquid- 
crystal display or a plasma display, there is no gap left between the panel and the 
outer frame in the peripheral region of the panel surface covered with the outer 
frame and thus no space is available for accommodating the wedge transducer. 
5 Accordingly, with the wed^e transducer, the touch panel of the ultrasonic method 
is not fully adaptable to the flat panel. Further, there shoxild be a strict 
restriction ia the display and the outer frame structure available for the 
apphcation. Especially, when the wedge transducer is employed in an acoustic 
touch sensor using the Rayleigh wave, there could be a fear that the mechanical 

10 designing may become comphcated, thereby limiting the options. 

If a touch panel of the ultrasonic elastic surface wave method is apphed to 
the LCD, there would be a problem arisen in association with a cable to be used for 
transmitting/receiving the electric signal to/from the piezoelectric vibrator. The 
wedge transducer is basically disposed on the top surface of the substrate. With 

15 this arrsmgement, the cable is also required to be wired on the top surface of the 
substrate and another requirement may arise to secure a space for the cable 
outside of a reflective array. Fxirther, it is difi&cult to automate a wiring operation 
for the cable and not a few portions are required to be fabricated by hand. This 
could be a big hurdle for improving productivity. Besides, a stress concentration 

20 is apt to occur in a joint portion between the piezoelectric vibrator and the cable, 
leading to peehng-off of the solder or crack ia the piezoelectric vibrator. For the 
reasons stated above, the wedge transducer is not suitable for the hquid-crystal 
display (LCD). 

The Japanese patent laid-open pubhcation No. Hei 10-240443 has disclosed 
25 a grating transducer aiming for a solution to the problems described above. In 
this grating transducer, a piezoelectric vibrator is adhered to a back surface of a 
glass substrate or to a third face arranged between an end face and the back 
surface thereof so as to cause an excitation of a biilk wave inside the glass 



substrate, and then a diffraction grating arranged on a top sxirface thereof 
converts the mode of the bulk wave and thereby causes the excitation of such a 
wave that has energy concentrated in the surface, which is typically represented 
by an elastic surface wave. Since this transducer has no need for the wedge, the 
5 concavity and convexity in the top surface can be made almost zero. Further, the 
piezoelectric vibrator can be mounted on the back surface, thereby achieving a 
small-footprint of the device. 

However, the cable wiring is still a factor inhibiting the improvement of the 
productivity and the mechanical fragility remains unsolved. Further, the 
10 workabUity in fabricating the wiring onto the back surface of the substrate, 
especially that onto the back surface of an arched or cvirved substrate having a 
concave surface, could be degraded seriously. 

In the hght of the problems described above, an object of the present 
invention is to provide an acoustic contact detecting device or a coordinate input 
15 device of touch-type having wired to a transducer (especially a piezoelectric 
vibrator) with high rehabihty and also to provide a substrate for the same device. 

Another object of the present invention is to provide an acoustic contact 
detecting device or a coordinate input device of touch-type which can be wired to a 
transducer stiU with high efi&ciency even if it is disposed on a back surface of a 
20 substrate and can ensure to give an electric signal to the transducer (especially a 
piezoelectric vibrator), and also to provide a substrate for the same device. 

StiU another object of the present invention is to provide an acoustic contact 
detecting device or a coordinate input device of touch-type including substantially 
no cable wiring on a substrate or a panel, and also to provide a substrate for the 
25 same device. 



DISCLOSURE OF THE INVENTION 

The inventors has dedicated themselves to the research in order to solve the 
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above problems and accomplish the present invention based on the finding that if 
a planar wiring using conductive paste is used for an electrical connection with a 
piezoelectric vibrator, the wiring can be smoothly fabricated even onto a back 
surface of a substrate while supplying the piezoelectric vibrator constituting a 

5 transducer with electric power or an electric signal still with h^h rehabihty thus 
to resolve the problem of fragility associated with a cable wiring. 

That is, an acoustic contact detecting device according to the present 
invention comprises the following components. The device includes: (a) a 
substrate having a top surface; (b) an acoustic wave transducer for coupling with a 

10 first wave representative of a bulk wave being propagated through said substrate 
along an axis crossing said top surface; (c) a planar wiring for supplying said 
acoustic wave transducer with electric power; (d) a difi&ractive acoustic wave mode 
coupler having a mode of converted wave having high energy in said top surface 
and functioning for couphng a second wave being propagated along an axis 

15 parallel to said top surface with said first wave; and (e) a means for detecting a 
perturbation in energy of said second wave. 

Fuirther, a coordinate input device of touch type according to the present 
invention comprises: a propagation medium having a top surface capable of 
propagating an acoustic wave; a bulk wave generation means for propagating a 

20 bulk wave in a crossing direction with respect to said top surface of this 
propagation medium; a planar wiring for supplying this bulk wave generation 
means with electric power (or an electric signal); an acoustic wave generation 
means for converting this bulk wave into an acoustic wave and propagating said 
acoustic wave on the top siuface of said propagation medium; and a detecting 

25 means for detecting a scatter on the surface of the acoustic wave from this acoustic 
wave generation means. 

In such a device, the wiring is electrically connected to the piezoelectric 
vibrator and said wiring (or a printed wiring) constitutes a system for supplying 



the electric power to the piezoelectric vibrator to be applied to the transducer 
system for the acoustic wave touch screen. That is to say, according to the 
present invention, the electric power or the electric signal to the piezoelectric 
vibrator is suppHed through the wiring (the wiring formed by, for example, a 
5 transfer printing) disposed on the panel (especially, on the back surface of the 
panel). Said acoustic wave transducer may be composed of the piezoelectric 
vibrator and said wiring may be formed by the conductive paste. For example, 
the conductive paste may be printed or applied with a predetermined pattern, and 
after having been dried, it is baked thus to form the wiring. The wiring may be 
10 directly printed on the substrate or formed thereon by the transfer printing. 
Since in the present invention, the wiring has been made planar, the wiring can be 
apphed to either of the top or the back sxirface of the substrate. 

The present iavention also includes a substrate to be used in said device. 
This substrate may be used for an acoustic detecting device and have the following 
15 components and a top surface. The substrate comprises: (a) an acoustic wave 
transducer coupled with a bulk wave having a propagation axis crossing said top 
surface ia the substrate; (b) a wiring for supplying this acoustic wave transducer 
with electric power, said wiring being printed on a back surface of said substrate; 
(c) a diffractive acoustic wave mode couphng structvire formed in the proximity to 
20 said surface for converting acoustic energy of the bulk wave into a wave to be 
propagated along an axis parallel to said top surface; and (d) a means for detecting 
the converted acoustic wave energy correspondtag to a location of a perturbation. 

Since the present invention provides the wiring which has been made 
planar, it can resolve the mechanical firagihty resulting from the cable and ensure 
25 an electric signal to be transmitted and received with higher reliability. Besides, 
the printing or the apphcation technology may be used to form the wiring, which 
may fadlitate the automatic fabrication and thus improve the productivity. 
Further, the use of the transfer printing tedinology can present a broad selection 



for the shape of t±ie printing object and a possibility of the wiring to be disposed 
even on an arched panel or a spherical panel. 

It is to be noted that in the specification of the present invention the term 
"planar wiring^' is meant to be a wiring, such as a printed wiring, that is made 
5 substantially in the planar form and capable of connecting electrically to an 
acoustic wave transducer (or a piezoelectric vibrator) by way of line contact or face 
contact. 

Further, since a high frequency alternating current is used in the acoustic 
wave touch screen of the present invention, if a relatively low-profile insulator 
10 resides between a metal electrode and the printed wiring including a coimector 
extending from said wiring, said insulator can function as a condenser to enable 
the transmitting and receiving of the electric signal. In this context, said term 
"electrical connection" may not necessarily be limited to the connection established 
exclusively by the conductor. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic perspective view of an embodiment of a device 
according to the present invention; 

Fig. 2 is a schematic cross sectional view of the device shown in Fig. 1; 
20 Fig. 3 is a schematic perspective view, illustrating a form of interconnection 

between a planar wiring section and an acoustic wave transducer in the device 
shown in Fig. 1; and 

Fig. 4 is a schematic diagram illustrating a received waveform in the device 
according to the present invention. 

25 

DETEILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will now be described below in more detail with 
reference to the attached drawings where necessary. 
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Fig. 1 is a schematic perspective view of an embodiment of a device 
according to the present invention, PLg. 2 is a schematic cross sectional view of the 
device shown in Fig. 1, and Fig. 3 is a schematic perspective view illustrating a 
form of interconnection between a planar wiring section and an acoustic wave 
5 transducer in the device shown in Fig. 1. 

Said device capable of acoustically detecting a contact point (the coordinate 
input device of touch-type) comprises a substrate 1 servtag as a propagation 
medium having a top surface capable of propagating an acoustic wave (a surface 
wave or a plate wave), acoustic wave transducers 3, 4, each being mounted to a 

10 bottom face (or a back surface) of said substrate and composed of a piezoelectric 
vibrator, and a planar wiring 7 formed on the bottom face of said substrate 1 for 
suppljdng electric power or an electric signal to each of said acoustic wave 
transducers 3, 4. It is to be noted that the top surface of said substrate 1 has a 
display region (an image display region) 2 laterally symmetrical with respect to 

15 the X-axis and the Y-axis directions. 

Each of said acoustic wave transducers 3, 4 comprises a plate-hke 
piezoelectric vibrator rather than a we<fee-type transducer in order to reduce a 
profile and a weight of the device. That is, as shown in Fig. 3, each of the acoustic 
wave transducers 3, 4 is composed of a piezoelectric substrate 5 such as 

20 piezoelectric ceramic and an electrode 6 formed on said piezoelectric substrate, 
said electrode 6 comprising a first electrode (drawing electrode) 6a formed in one of 
the surfaces of the piezoelectric substrate 5 and a second electrode (a drawing 
electrode) 6b extending ficom the other of the surfaces along a side wall to said one 
of the surfaces of the piezoelectric substrate 5 and facing opposite to said first 

25 electrode 6a. 

Said acoustic wave transducers 3, 4 comprise transmitting transducers 3a, 
4a respectively attached to the back face of the substrate 1 in the X-axis and the 
Y-axis starting point zones (bottom comer portions along the X-axis and the Y-axis 



in this illustrative example) and a pair of receiving transducers 4a, 4b respectively 
attached to the back face of the substrate 1 in the X-axis and the Y-axis ending 
point zones (bottom comer portions along the X-axis and the Y-axis in this 
illustrative example). Each of the transmitting transducers 3a, 3b functions as a 
5 bulk wave generation means for propagating a bulk wave (either in a longitudinal 
wave mode or a transverse wave mode) in the crossing direction with respect to 
the top sxirface (the front face) of the substrate serving as the propagation medivim 
and each of the receiving transducers 4a, 4b functions as a bulk wave receiving 
means for receiving the bulk wave being propagated from the top surface (the 

10 front face) of the substrate 1 through the substrate in the crossing direction. 
That is, each of the acoustic wave transducers 3, 4 is coupled with such a bulk 
wave (a first wave) being propagated through said substrate 1 along the axis 
crossing the top surface of said substrate 1, in other words, the bulk wave having a 
propagation axis crossing said substrate 1. 

15 As described above, in the acoustic wave transducer, the wiring from the 

electrode is dif&cult because the drawing electrodes 6a, 6b have been formed in 
one of the surfaces of the piezoelectric substrate 5. In the Hght of this problem, 
said planar wiring 7, as shown in Fig. 3, is made up of a printed wiring formed on 
a back surface of said substrate 1, which is interposed between said substrate 1 

20 and each of the electrodes 6a, 6b of each of the acoustic wave transducers 3, 4 so as 
to be electrically connected with each of the electrodes 6a, 6b. Said wiring 7 
comprises a first wiring section 7a in the shape of line or flat plate extending and 
thus connecting to the first electrode (the drawing electrode) 6a of each of the 
acoustic wave transducers 3, 4 and a second wiring section 7b in the shape of line 

25 or flat plate extending and thus connecting to the second electrode (the drawing 
electrode) 6b. It is to be noted that, in the illustrated embodiment, the first 
wiring section 7a and the second wiring section 7b extend approximately parallel 
with each other, and the second wiring section 7b includes a L-shaped bend at a 



site corresponding to the second electrode 6b. Further, the interconnections 
between the first electrode 6a and the first wiring section 7a and between the 
second electrode 6b and the second wiring section 7b are provided by face contacts 
respectively. 

5 Bulk waves (first waves) are emitted firom the osdUating transducers 3a 

and 3b of said acoustic wave transducers 3 and 4 through the substrate 1 toward 
mode-converting sites (regions of perturbation or oscillation) in the top surface (the 
fi:ont face) of the substrate 1, and herein the bulk waves which have reached to the 
mode-converting sites are converted to acoustic waves (surface waves or plate 

10 waves), or spedfically svirface acoustic waves (second waves), with the aid of an X- 
axis and a Y-axis acoustic mode couplers (diflfractive acoustic wave transducers) 8a 
and 8b disposed in said mode-converting site. This surface acoustic wave is in the 
mode of converted wave having high energy on the top surface of the substrate. 
That is, each of the acoustic mode couplers (the diffractive acoustic wave 

15 transducer) 8a, 8b functions as an acoustic wave generation means so as to couple 
said bulk wave (the first wave) with the surface wave (the second wave) being 
propagated in the proximity of the top surface of the substrate 1 along the axis 
parallel to the top surface of the substrate 1, and is capable of converting the mode 
of the acoustic wave firom the bulk wave to the surface wave or vice versa. In this 

20 embodiment, each of the acoustic mode couplers 8a, 8b comprises a dififractive 
acoustic wave mode coupler (or a grating transducer), namely a diffraction grating. 

In a first pair of opposite side portions on the top surface of said substrate 1, 
X-axis reflecting means 10a, 10b extending respectively in the X-axis direction are 
arranged in opposition to each other, and in a second pair of opposite side portions 

25 on the top surface of the substrate 1, Y-axis reflecting means 11a, lib extending 
respectively in the Y-axis direction are arranged in opposition to each other. Each 
of those reflecting means is composed of a reflective array including a group of 
arrays angled at about 45"* with respect to the travehng direction of the surface 
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acoustic wave, in which the arrays of the reflective array transmits a portion of the 
surface acoustic wave. Owing to this, the surface acoustic waves (the surface 
waves or the plate waves, especially the surface elastic waves) which have been 
converted by the acoustic coupler 8a and 8b are, on the top surface of the substrate 
5 1, reflected along the Y-axis and the X-axis directions respectively by the first X- 
axis reflecting means (a reflective array) 10a and the first Y-axis reflecting means 
(a reflective array) 11a so as to be propagated entirely over the display region 2 on 
the top surface of the substrate 1. 

The surface acoustic waves which have been reflected in the Y-axis and the 

10 X-axis directions are further reflected in the X-axis and the Y-axis directions by 
the second X-axis reflecting means (a reflective array) 10b and the second Y-axis 
reflecting means (a reflective array) lib respectively so as to be directed to the X- 
axis and the Y-axis acoxistic mode couplers 9a and 9b in the mode converting sites 
(the regions of receiving or perturbation). The acoustic mode couplers 9a, 9b are 

15 configured similarly to said acoustic mode couplers 8a, 8b thus to convert the 
surface acoustic waves into the bulk waves. The converted bulk waves are, as 
similarly to the preceding description, received by the acoustic wave transducers 
(the X-axis and the Y-axis receiving transducers) 4a and 4b composed of 
piezoelectric vibrators and then converted to electric signals. 

20 The X-axis and the Y-axis receiving transducers 4a, 4b are electrically 

connected to the planar wirings (not shown) formed on the back surface of the 
substrate 1 as is the case of the interconnection between the electrodes 6a, 6b of 
said piezoelectric vibrator and the planar wirings 7a, 7b, and thereby the signals 
firom the receiving transducers 4a and 4b are sent to a detecting means via the 

25 planar wirings. 

Herein, by taking advantage of the fact that a disturbing or scattering 
component in the received signal, which may be caused by a touch to the image 
display region 2, corresponds to an attenuation information of the received 
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information in time sequence, the detecting means of the controller can process 
and thus analyze or interpret the signals from the receiving transducers 4a and 4b 
so as to determine the perturbation of the energy of the surface acoustic wave (the 
second wave) from the acoustic wave generation means appeared on the top 
5 siirface of the substrate (and thus the position of the perturbation corresponding to 
the position of the touching). 

Alternatively, a cable may be used for the electrical connection between the 
planar wirings for said acoustic wave receiving transducers (such as piezoelectric 
vibrators) 4a, 4b and the controller. In order to improve the fragihty associated 

10 with the cable, however, it is preferred to use a cable capable of tightly contacting 
with the substrate (for example, a heat sealing cable) so as to prevent the cable 
from being released from the substrate. 

In the substrate equipped with such an acoustic contact detecting device (or 
unit) and said surface features and elements as described above, since the acoustic 

15 wave transducer and the wiring section are electrically interconnected with the 
planar wiring, the stress concentration in the point of the connection is prevented 
and the mechanical fragUity resulting from the cable can be resolved, thereby 
ensuring the transmitting and receiving of the electric signal to/from the acoustic 
wave transducer via the planar wiring with high rehabihty. In addition, since the 

20 combination of the planar wiring with the plate-Kke acoustic wave transducer 
allows the profile of the wiring section to be reduce significantly and also the 
wiring to be formed by means of printing or apphcation, thereby it may facilitate 
the automatic fabrication and thus improve the productivity. Further, the use of 
the transfer printing technique may provide not only broader options in selecting 

25 the shape of the printing object but also a possibihty for the wiring to be appHed to 
the back surface of an arched panel or a spherical panel. Owing to these 
advantages, the profile and weight of the device can be reduced to a great degree, 
which makes it possible to favorably apply this device to a hquid-crystal display 
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(LCD) and/or a plasma display. 

It is to be noted that said wiring may be formed in a predetermined site on 
the substrate so as to match the shape of tiie electrode of the acoustic wave 
transducer (e.g., the piezoelectric vibrator), and it may be formed in a variety of 
5 pattems so far as it can be electrically connected to the electrode formed on one of 
the surfaces of the acoustic wave transducer (e.g., the piezoelectric vibrator) by 
way of the hne contact or the face contact. 

Although a variety of drcuit forming methods may be employed to form 
said wiring, including, for example, a method by way of hthography technique 

10 using a conductive fi^rn forming means (evaporation, sputtering and so forth), hot 
resist, etching and so on, however, in order to fabricate the wiring in a simple but 
e£&cient manner, it is rather advantageous to use conductive paste, for example, 
the paste containing therein a conductive agent such as silver, aluminum, copper, 
or conductive carbon black, lb increase the rehabihty of the wiring, preferably 

15 such conductive paste should be used that may be able to form a conductive 
pattern with high bonding strength by baking. 

The wiring may be directly or indirectly formed on the substrate. For 
example, the planar wiring may be formed by printing or applying (including 
marking with a plotter or by writing) the conductive paste onto the substrate. In 

20 a preferred embodiment, the wiring for applying the electric power or the electric 
signal to the acoustic wave transducer may be formed in the form of a printed 
wiring or by way of printing. Especially, in the case where said grating 
transducer and/or the reflective array are formed in such a sequential manner 
comprising the steps of printing by way of printing technology (e.g., the screen 

25 printing), drying and then baking it, said wiring also may be formed in the similar 
manner comprising the steps of printing or appl5nLng sinterable conductive paste 
into a predetermined pattern, drying and then baking it. The conductive paste 
can be printed into the predetermined pattern by such a method as the screen 
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printing. 

In the case of arranging the planar wiring on the back surface of the 
substrate, although it is possible to print the pattern directly on the back surface 
of the substrate, it may be more favorable for the curved back surface of the 
5 substrate to form the wiring indirectly thereon by the transfer printing technique 
or the hke. The transfer printing may be performed in various methods in which, 
for example, after the pattern having been formed on a transfer medium by using 
the conductive paste, then the pattern is transferred onto the back svirface of the 
substrate. For example, in the case of forming the wiring by baking, primarily a 

10 predetermined conductive pattern is formed on the base film, and secondarily the 
base film or the conductive pattern is brought into tight contact with the back 
surface of the substrate, which is then heated and thus baked, thereby vanishing 
the base film and completing the formation of the wiring pattern. 

It is to be noted that the baking may be conducted in an inert gas 

15 atmosphere, and in the case of the transfer printing using the above described 
base film, it should be conducted in the atmosphere containing oxygen. The 
baking temperature may be selected depending on the substrate material to be 
used within a range defined as, for example, 300"^ and higher but lower than a 
fusion point or a heat deformation temperature of the substrate material, and it 

20 may be appropriately selected typically in a range of 300 to 1200^0 and preferably 
in a range of about 400 to lOOO'C. 

It is to be noted that when a plurality of said acoustic transducers is used, it 
is only required that the planar wiring provides the electrical connection in the 
connecting section between the electrode section of at least one transducer and the 

25 wuing section but it is not required that the planar wiring provides the electrical 
connection in the connecting section between the electrode section ia every one of 
the transducers and the wiring section. For example, the planar wiring may be 
used to establish the electrical connection in at least one connecting section and 
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wire bonding may be used to establish the electrical connections in the other 
connecting sections between the electrode sections and the wiring sections. 
Further, a plurahty of planar wirings may be appHed to a single electrode section 
of the acoustic transducer thus to improve the connection rehabihty still further. 

5 Besides, if required, a combination of such a transducer having electrode 

sections formed as facing to each other on one of the surfaces of a piezoelectric 
substrate as described above with a parallel electrode-type transducer having 
electrode sections on both of the svirfaces of the piezoelectric substrate may be also 
used as an acoustic wave transducer. In that case, the electrode and the planar 

10 wiring may be interconnected only in the former transducer. 

The detailed description of the substrate material and the configuration or 
the shape of the propagation medixmi, the acoustic wave transducer, the acoustic 
wave mode coupler, the reflecting means, the means for detecting the perturbation 
and others, each having been mentioned above, can be seen in the Japanese patent 

15 laid-open pubUcation No. Hei 10-240443. For example, an ultrasonic surface 
elastic wave such as a Rayleigh wave, a Lamb wave, a Love wave, a transverse 
wave of zero order with horizontally polarized spectral (ZOHPS) and a transverse 
wave of high order with horizontally polarized spectral (HOHPS) may be referred 
to as an example of the acoustic wave. 

20 The propagation medium may be made of glass, ceramic, aliuninxmi, 

polymer and so forth and also may be formed in a stack of non-imiform layers 
without limiting the shape thereof. The propagation mediimi may be a flat panel 
substrate such as a hquid-crystal display or a plasma display or may be a curved 
face panel as well. 

25 The acoustic wave transducer may be constituted of an acoustic emission 

element such as a piezoelectric vibrator or a piezoelectric transducer, in which the 
structure of the piezoelectric vibrator or the piezoelectric transducer is not limited 
to those shown in the preceding embodiments but any different piezoelectric 
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resonators having various electrode structures may be used so far as an electrode 
(a drawing electrode) is formed on one of the surfaces of the piezoelectric substrate 
(especially, on a contact face with the substrate serving as the propagation 
medium). Again, without being hmited to the preceding embodiment, the 
5 piezoelectric resonators having various electrode structures may be used. Such a 
structure, as disclosed in the specification of the US patent No. 4,700,176, in which 
a surface acoustic wave is reflected onto the opposite side of a reflective array may 
be used, so that the number of the acoustic wave transducers to be used may be 
reduced by using a reflected acoustic wave path. 
10 In addition, the acoustic wave transducer may be attached to any 

appropriate locations on the propagation mediimi, and it may be formed on, for 
example, a bottom face or a bottom waU of the substrate as illustrated in the 
attached drawings, a side face or a side wall of the substrate, a lower side face or 
an angled surface formed on the side wall. Even in such configuration, since the 
15 wiring could be provided by way of the printing or the apphcation, the possibihty of 
breakage of wiring may be reduced significantly- 

The interconnection between the electrode of the acoustic wave transducer 
and the planar wiring may be established in a conventional method by using, for 
example, an adhesive (such as an adhesive containing thermoplastic or 
20 thermosetting resin), a conductive adhesive, a solder and so forth. 

Further, the acoustic wave mode coupler may be constituted of a grating 
transducer, a series of scattering points or scattering elements, a structure of 
spaced line elements or a grating, a scattering element in the shape of groove and 
so fourth, which may be arranged in dots or a hne, or otherwise arranged in an arc 
25 capable of converging or focusing the surface acoustic wave. The acoustic wave 
mode coupler for converting the bulk wave into the svirface acoustic wave and vice 
versa and also for diffiracting those waves toward the predetermined directions is 
typically constituted of a pluraHty of hnear gratings (grids) which extend 
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periodically in parallel with the direction orthogonal to the travehng direction of 
the bulk wave. 

The reflective array constituting the reflecting means may be made of, for 
example, glass to be formed as a collective unit (a reflective grating) of reflective 

5 array elements, each formed as a projection or a convex portion, or as another type 
of coUective unit of reflective array elements, each formed as a groove. Those 
reflective arrays are typically formed in parallel with one another. In order to 
distribute the uniform acoustic wave energy to respective receiving transducers, 
the spacing between the reflective array elements may be made smaller in 

10 proportion to the distance from the oscillating transducer and the reflection factor 
thereof may be increased in proportion to the distance from the osdllatLng 
transducer. It is to be noted that because said contact detecting device (a touch 
coordinate input device) is to be disposed in the front portion of the display unit, 
the reflective arrays are typically positioned in a periphery of the substrate, which 

15 is the outside of the detecting region (or the display area), and covered and thus 
shielded by an outer frame in order to avoid the reflective arrays being visible. 

Since the device (or the unit) and the substrate according to the present 
invention are thin and Ught in weight, they are preferably appKcable to the flat 
panel or the low-curvature panel in a low-profile display device such as a hquid- 

20 crystal display device or a plasma display device. 



According to the present invention, since the electrical connection with the 
transducer (especially the piezoelectric vibrator) is established by using the planar 
wiring, therefore there would be no mechanical fragUity resulting from the cable, 
25 thereby providing the wiring with high rehabihty. Further, even if the transducer 
is located on the back surface of the substrate, the wiring can be provided still 
efl&dently, and also it is ensiu'ed that an electric signal is apphed to the transducer 
(especially the piezoelectric vibrator). StiU further, since the printing technology 
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or the like may be used to provide the wiring, it may fadlitate the automatic 
fabrication of the wiring and thus improve the productivity. Owing to those 
advantages, the present invention can provide the device having substantially no 
cable wiring on the substrate or the panel. 

5 

The present invention will now be described in more detail based on the 
examples below, but the present invention should not be considered to be hmited 
to those examples. 

10 Example 1 

A pattern shown in Fig. 3 was printed on a back surface of a substrate made 
of soda-hme glass by the screen printing method with silver paste used as an ink. 
After the printing, the object was heated and thus dried in an oven at 120°C for 10 
minutes. 

15 Subsequently, as shown in Fig. 1, an acoustic mode coupler (a grating 

transducer) and a reflective array were printed on a top surface of the substrate by 
the screen printing method with glass paste used as an ink and then dried. 

Then, the printed pattern together with the glass substrate was baked at a 
baking temperature in a range of 485"^ to 490''C with the top keeping period of 10 

20 minutes, and thus the glass substrate with a planar wiring was obtained. It is to 
be noticed that the height of the grating of the grating transducer is 40 /z m and 
the reflective array element is angled at 45° with respect to the X-axis and the Y- 
axis. 

A plate-Uke piezoelectric vibrator was bonded onto the obtained glass 
25 substrate at the opposite side of the grating transducer by using a heat-hardening 
adhesive thus to fabricate a touch panel having a structure shown in Fig. 3. Then, 
the wiring section was connected with a controller (manufactured by Touch Panel 
Systems Co., Ltd) of the toudi panel by using a heat sealing cable. Fig. 4 shows a 



received waveform from the touch panel which has been fabricated ia the above 
manner. It is obvious from the graph that a coordinate signal was converted into 
an envelope signal. The touching with a finger was duly recognized when the 
surface of the substrate of this panel was touched by the fiager. 

5 

Example 2 

A pattern shown in Fig. 3 was printed on a polypropylene £Qm fixedly 
attached onto a substrate, by the screen printing method with silver paste used as 
an ink. After the printiag, the object was heated and thus dried in an oven at 

10 120t: for 10 minutes. 

Subsequently, as shown in Fig. 1, an acoustic mode coupler (a grating 
transducer) and a reflective array were printed on a top surface of the substrate by 
the screen printing method with glass paste used as an ink and then dried. It is 
to be noticed that the height of the gratiag of the gratiag transducer is 40 /x m and 

15 the reflective array element is an^ed at 45"" with respect to the X-axis and the Y- 
axis. 

The polypropylene film was tightly contacted to a back surface of the glass 
substrate and a film having a predetermined pattern printed thereon was further 
loaded thereon, and then the printed pattern together with the glass substrate 
20 was baked at the baking temperature in a range of 485°C to 490°C with the top 
keeping period of 10 minutes, and thus the glass substrate with a planar wiring 
was obtaiaed. After baldng, it was observed that the wiring by way of the 
conductive paste was secured to the glass without no residual film remained 
thereon. 

25 A plate-like piezoelectric vibrator was bonded onto the obtained glass 

substrate at the opposite side of the grating transducer by using a heat-hardening 
adhesive thus to fabricate a touch panel haviag a structure shown in Fig. 3. Then, 
the wiring section is connected with a controller (manufactured by Tbuch Panel 
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Systems Co., Ltd.) of the touch panel by using a heat sealing cable. It has been 
also ascertained that the touch panel fabricated in the above manner exhibited a 
received waveform similar to that in the example 1 and the touching with a finger 
was recognized. 
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